Abstract: This work concerns the fatigue resistance of a AlSi10Mg material produced by additive manufacturing, and more precisely the competition between as built manufacturing surface and as-machined surface on the fatigue resistance. Samples were built by a powder-bed process with an EOS-M280 machine using standard in two configurations (0° and 90°) in order to evaluate the impact of building direction on fatigue life. The impact of as-built surface on fatigue behavior is quantified for each specimen configuration. A T6 heat treatment is performed on samples in order to evaluate the impact of microstructure on fatigue behavior. For each configurations, the S-N curves is determined in as-built and T6 materials with a load ratio R= -1. The fracture surfaces are carefully analyzed in order to determine the critical defect size for each sample. A Kitagawa type diagram representing the fatigue limit as a function of the defect size is derived from these measurements. All the results were compared to those obtained in asmachined samples.
Introduction
Additive Layer Manufacturing (ALM) is a breakthrough process compared to conventional processes such as casting, in particular to produce parts with a complex shape. In the aeronautic context, the introduction of such an innovative process implies a qualification process in which the understanding of the fatigue resistance is crucial [1] [2] [3] . Thus, the characterization of the microstructure inherited from the process is required in order to access the impact of a given microstructure on the fatigue behaviour. According to Domfang et al [4] , the microstructure in the bulk of the non-heat treated ALM AlSi10Mg material can be described using five parameters: (i) defect population, (ii) melt-pools, (iii) dendritic structure, (iv) precipitation structure and (v) grains. It has been observed that melt-pools, dendritic structure and grains are strongly anisotropic in shape depending on the building direction. In addition the melt-pools and dendrites disappear after a T6 heat treatment [4] . On the other hand, the surfaces of near net-shape pieces are characterized by a high roughness that could impact the fatigue behavior. Since most of the ALM parts are partially machined, the aim of this study is to compare the fatigue behavior of as-machined samples to samples with a near net shape cross section also called as-built samples.
Samples fabrication
Specimens were fabricated by ALM method using a prealloyed powder with an average particle size of 30 µm. All specimens were constructed using a EOS INT-M290 machine with standard parameters. The layering is performed by means of a scraper. Two families of specimen are considered in this study and denominated P2 and P3. P2 specimens were machined from cylinders bars while P3 were manufactured with a near net-shape cross section. All specimens were constructed on a platform placed at 200°C. The materials thus manufactured were all subjected to a soft post-blast treatment to clean the surface. This cleaning was carried out using micro glass oxide marbles with a size of the order of 100 to 200 microns. These marbles were projected from about 10 cm to the specimen with a jet pressure of 4 bars. Before cutting specimen from the platform, a recommended stress relaxation treatment was performed during 2 hours at 210°C. P2 and P3 specimens were built along two directions, namely XY and Z as defined in Figure 1 -a. P2 fatigue test specimens were machined (MA) from the bars in order to overcome the manufacturing gross surface integrity effects, namely the surface roughness and the presence of a population of defects in the subsurface due to edge lasing [5, 6] . One bar corresponds to one specimen. No polishing was applied on the sample surfaces. On the other hand, for P3 fatigue specimen tests only threads were machined while MATEC Web of Conferences 165, 02004 (2018) https://doi.org/10.1051/matecconf/201816502004 FATIGUE 2018 the gauge length was left in the as-built condition. In the specific case of P3 XY specimens, the production supports were removed by means of grinding wheel. Some specimens have subsequently been subjected to a T6 heat treatment with conditions listed in Table 2 , leading to a denomination of each individual fatigue specimen given in Table 3 . This denomination used in this paper depends on the production number, the orientation and the application or not of a T6 treatment. 
Experiments
An Energy Dispersive Spectrometry (EDS) analysis was carried out to quantify the chemical elements present in the alloy. The results reported in Table 3 show that the composition determined is in accordance with the standard composition. However, the non-detection of some elements such as iron means that the EDS technique is not able to quantify this particular component, especially when it is present in a small proportion and homogeneously distributed in the volume. The fatigue limit were defined at one million cycles. A step by step method was used, as it is the only way to evaluate the fatigue limit in presence of natural defects. It is however assumed that no significant loading history effect is introduced by the loading steps applied prior to failure, as shown by Roy et al [7] in the case of a A356 cast Al-alloy. In order to plot a Kitagawa-type diagram, the fatigue limit is determined for each specimen after failure according to the following method:
• When the specimen fails during the first step, a Basquin equation is used to calculate the fatigue limit. 
Results and discussion
In Figure 3 the fatigue S-N curves of P2 and P3 machined or as-built, with or without heat treatment. For machined samples, two directions are study: XY and Z while for as-built samples the oblique samples are furthermore presented.. The black symbols correspond to the samples tested without T6 and open symbols correspond to heat treated samples. One point corresponds to one experimental failure of a given sample.. Even though the microstructure is strongly anisotropic [8] [9] [10] , no difference in fatigue strength is noticed between samples machined along XY and Z directions. However they is a small impact of building strategy for as-built samples. However, in the case of asbuilt surfaces, the scatter in data exhibits only a subtle dependence on the building direction. Those differences can be related to the surface roughness. Figure 3 clearly shows that the as-built samples are less resistant to fatigue than the machined ones, even after a peak hardening T6 heat treatment. The fracture surface examination in Figure 4 furthermore suggests that the P3 production contains larger defects than P2. As it can be observed in Figure 2 , that as-built samples (P3) are more rough than machined ones (P2) the fatigue drop is due at least to roughness and defect size. For each productions P2 and P3 specimens containing similar defects, an Figure 5 exhibit the impact of defect size on the fatigue limit through the Kitagawa type diagram. In order to plot the Kitagawa diagram, the defect size was measure on fractures surfaces using Murakami parameter [11] . In this way, Figure 5 consolidates the SN curves interpretations in terms of impact of building direction and heat treatment. However it clear that the impact of HT seems to dwindle in presence of big defects. Same approach was carry out for surfaces as-built specimen. So, fracture surfaces of as-built failed samples was analysed and the defect size was quantified with and without T6 heat treatment. Fatigue limit was calculated and associated to a corresponding defect size. Results as compared to machined Kitagawa diagram on Figure 5 . Even in the presence of a degraded surface and regardless the heat treatment, the results of the as-built specimens coincide with those of the machined specimens. Meaning that the defect size seems to be the first order parameter that controlled the fatigue limit.
Conclusion
This study addresses the fatigue behaviour of AlSi10Mg alloy elaborated by selective laser melting. The impact of as-built surface have been quantified and compared to machined surface. On the basis of the Kitagawa diagram established, it has been observed that the defect size is the first order parameter that controls the fatigue limit. For both machined and as-built samples, the T6 heat treatment improves the fatigue limit and reveal a slight building orientation effect.
